INTRODUCTION
The Centers for Disease Control and Prevention (CDC) reports that fatal poisonings increased 25% in the US from 1985 to 1995. 1 A number of states later reported larger increases in fatal poisonings that extended through the latter half of the 1990s. [2] [3] [4] [5] [6] [7] One report, for example, notes that poisoning mortality rates increased an average of 145% from 1990 to 2001 in 11 states. 2 All reports note that the trend is due to an increase in drug poisonings rather than in poisonings from toxic chemicals or alcohol. King County, Washington, reports a 143% increase in opiate deaths from 1990 to 1999. 6 Maine reports a 373% increase in 'drug deaths' from 1997 to 2002, 5 while North Carolina reports an 111% increase in unintentional drug-related deaths from 1997 to 2001. 3 In each case, the 'drug' category includes both legal and illegal drugs. Polydrug use and drug use with alcohol are common features of all the reports.
During roughly the same time, US health professionals changed the way they managed chronic pain. At the close of the 1980s, pain specialists began to argue that the risk of addiction should not prevent the use of prescription opioid analgesics to manage chronic, nonmalignant pain. [8] [9] [10] [11] Over time, clinical consensus shifted to acknowledge that opioid analgesics had a legitimate and important role in managing chronic pain. [12] [13] [14] [15] This change in thinking probably contributed to the dramatic increase in prescriptions written for opioid analgesics from 1990 to 2002. [16] [17] [18] Opioid analgesics include semisynthetic derivatives from opium (e.g., oxycodone and hydrocodone) and synthetic agonists with similar action (e.g., fentanyl). 19 The latter category includes methadone, used both as an analgesic and in treatment of heroin addiction. Controlled-release formulations of opioid analgesics have been developed (e.g., OxyContin 1 (Purdue Pharma), based on oxycodone, and MS CONTIN 1 (Purdue Frederick), based on morphine.) Trends in national drug poisoning mortality in recent years have not been considered in light of the increased use of prescription opioid analgesics. This study's aim was to determine the extent to which opioid analgesics contribute to changes in poisoning mortality in the US; to compare the role of these products to that of street drugs such as heroin and cocaine; and to compare the contributions of different types of opioid analgesics to drug poisoning mortality in recent years.
METHODS
State laws require that deaths from nonnatural causes, including deaths from poisoning (i.e., the damaging effects of ingestion, inhalation, or other exposure to solids, liquids, or gases), be referred to coroners and medical examiners for determination of the cause of death. Coroners and medical examiners identify all the substances that contributed to poisoning deaths and, where possible, single out the agent or type of agent that was the underlying cause of death. They do not attribute a death to a drug based solely on finding the drug in a postmortem toxicology screen. 20 Both the underlying cause and the specific types of poisoning recorded on the death certificate by coroners and medical examiners are coded by the National Center for Health Statistics (NCHS), using the Ninth Revision of the International Classification of Diseases (ICD-9) 21 for 1979-1998 and the Tenth Revision (ICD-10) 22 for 1999-2002.
For this study, we defined deaths due to drug poisoning as those that NCHS coded to poisoning from 'drugs, medicaments, or biological substances.' This definition included deaths due to all types of both licit and illicit drugs. It did not include poisoning from alcohol or tobacco. Deaths involving poisoning by drugs but coded to mental and behavioral disorders or adverse effects were not included in this analysis.
We searched the mortality data tapes available from NCHS to generate trends in deaths due to drug poisoning by manner (unintentional, suicide, or undetermined intent) and major class of drug for the years 1979-2002. The generation of mortality trends by major class of drug was limited to unintentional poisoning because ICD-9 lacked the detail necessary to track major classes of drugs for suicides or deaths of undetermined intent. Because ICD-10 replaced ICD-9 in 1999, we calculated the unintentional poisoning mortality rates by major class of drug for 1979-1998 and 1999-2002 separately. In ICD-9, the majority of unintentional poisoning deaths fell into five categories: (1) 'opiates and related narcotics,' including heroin and opioids; (2) cocaine;
(3) psychotropic drugs, including sedatives, hypnotics, tranquilizers, and other psychotropic agents such as antidepressants and amphetamines; (4) 'other specified drugs,' a category used primarily for multiple drug involvement (e.g., opiates and cocaine taken together); and (5) 'unspecified drugs,' used primarily when death was attributed to 'drug overdose' without further specification. 1 In ICD-10, the majority of unintentional drug poisoning deaths fell into three categories: (1) 'narcotics and psychodysleptics (hallucinogens),' a combination of categories 1 and 2 of ICD-9; (2) 'other and unspecified' drugs, a combination of categories 4 and 5; and (3) sedatives/ psychotropic drugs.
Analysis of specific poisonings among the contributing causes of death was restricted to the years 1999-2002 because ICD-9 poisoning codes do not distinguish between heroin and opioid analgesics. For the analysis of specific poisonings from 1999 to 2002, we used the multiple cause of death (MCOD) Mortality Data from NCHS, 23 limiting the analysis to deaths with an underlying cause of 'narcotics and psychodysleptics' (X42) or 'other and unspecified drugs' (X44). We first identified deaths for which opioid analgesics, heroin or cocaine were included among the codes for causes of death. We categorized the remaining deaths by whether 'other specified' drugs, 'unspecified' drugs, or no drugs were listed.
We further tabulated the opioid analgesic poisonings for 1999 and 2002 according to the opioid classification scheme used by the ICD. The opioid types were: semi-synthetic drugs derived from opium other than heroin (the 'other opioid' category) and drugs synthesized from other parent compounds: methadone and 'other synthetic narcotics. ' We used national resident bridged-race population estimates from NCHS to calculate both underlying cause and multiple cause rates. Rates were age-adjusted to the year 2000 US population by the direct method.
The US Drug Enforcement Administration's (DEA) Diversion Control Program tracks the distribution of all opioid analgesics through commercial channels. The Diversion Control Program requires manufacturers and distributors to report to its Automated Reports and Consolidated Orders System (ARCOS) 24 the number of grams of each monitored substance distributed through pharmacies, practitioners, hospitals, teaching institutions, and narcotics treatment programs. Opioid analgesics imported illegally from abroad are difficult to quantify and are therefore not included.
We selected data on the number of kilograms distributed per 100 000 people for the eight most heavily prescribed opioid analgesics for the years 1999 and 2002 (codeine, oxycodone, hydrocodone, morphine, hydromorphone, methadone, fentanyl, and meperidine). Because opioids vary in potency, sales of individual opioids were standardized by conversion to milligrams (mg) of oral morphine with equivalent analgesic potency before being combined. 25 We compared changes in sales volumes for different types of opioids from 1999 to 2002 to changes in the frequency of diagnoses of those types in the mortality data. We divided the number of poisonings from different types of opioids by total sales of each type in oral morphine equivalents to compare the risk across types.
RESULTS
Between 1979 and 1990, the combined mortality rates for unintentional, suicidal, and undetermined drug poisoning increased 13.8% (Figure 1 ). The mortality rate for unintentional drug poisoning increased 57.9%, an increase of 5.3% per year. From 1990 to 2002, the combined mortality rates for unintentional, suicidal, and undetermined drug poisoning increased 140.8%. This was due to a 217.6% increase in unintentional drug poisoning mortality (18.1% per year), a 10.8% increase in suicidal drug poisoning, and a 193.4% increase in undetermined drug poisoning mortality. Four of the five major drug categories accounted for essentially all of the increase in unintentional drug poisoning mortality from 1990 to 1998: opiates, cocaine, 'other specified,' and 'unspecified' (Figure 2 ). Rates in these four categories doubled or tripled from 1990 to 1998, whereas the rate for psychotropic drugs increased 29.4%. Rates for all other drug categories (not shown) declined 12.6%. By 1998, deaths from these four major drug categories accounted for 85.3% of all unintentional drug-poisoning deaths.
From 1999 to 2002, most of the continued increase in the unintentional drug-poisoning category was accounted for by the ICD-10 categories of 'narcotics and psychodysleptics' or 'other and unspecified drugs' (Figure 3 ). Combined, codes for these two categories accounted for 10 295 (92.3%) of all unintentional drug poisoning deaths in 1999 and 15 125 (92.2%) of all unintentional drug poisoning deaths in 2002.
MCOD data from 1999 to 2002 indicate that the number of deaths listing opioid analgesics increased 91.2%, while the number listing cocaine or heroin increased 22.8% and 12.4%, respectively ( Table 1) .
The most rapidly increasing category was 'opioid analgesic without heroin or cocaine,' which rose 129.2%. Deaths listing heroin without either cocaine or opioid analgesics increased only 23.7%, and deaths listing cocaine without heroin or opioid analgesics increased only 16.0%. Deaths listing other specified drugs (i.e., specific drugs other than opioid analgesics, heroin, or cocaine) increased only 7.4%.
In 1999, opioid analgesic poisoning was listed among the cause of death codes in 2891 (28.1%) deaths, fewer than cocaine and more than heroin. Opioid analgesics were listed without cocaine or heroin in 1942 (18.9%) deaths. But by 2002, opioid analgesics were listed in 5528 (36.5%) deaths, more than either cocaine or heroin. Opioids were listed without cocaine or heroin in 4451 (29.4%) deaths that year, more than the combined number of deaths listing either cocaine alone (2569) or heroin alone (1061). This increase-in 'opioids without heroin or cocaine'-accounted for half of the overall increase in the drug poisoning deaths in 1999-2002.
The highest age-specific rates (not shown) were in the 40-to 49-year age group for both decedents with 'opioid analgesic without cocaine or heroin' poisoning and decedents with heroin or cocaine poisoning without opioid analgesic poisoning. Males made up 69.2% of the decedents in the opioid analgesic-alone group and 72.9% of the decedents in the heroin or cocaine-alone group. There were an average of 1.3 opioid analgesic poisoning codes listed for each opioid-analgesicrelated death in both 1999 and 2002. In 2002, 'other opioids' accounted for 54% of poisonings, methadone for 32%, and 'other synthetic narcotics' for 13% ( Table 2 ). The number of poisonings in the 'other opioid' category increased 57% from 1999 to 2002, while sales increased 70%. 'Other synthetic narcotic' poisoning increased 104%, while sales increased 118%. The increase in methadone poisoning (213%) is comparable to the increase in sales of methadone through pharmacies for pain management (175%) but not to the increase in methadone distribution through narcotics treatment programs (43%).
In 2002, total opioid analgesic sales of 134 793 kg in morphine equivalents corresponded to 46.8 kg per 100 000 people or 468 mg per person. Most of the total morphine equivalents prescribed in 2002 came from prescriptions for drugs in the 'other opioid' and methadone categories. When the number of death certificate poisoning codes was divided by total sales in morphine equivalents in each of the three opioid types in 2002, the smallest ratio was observed for methadone, with 0.04 occurrences of methadone poisoning for every kilogram sold. However, methadone was the only category for which the ratio of poisonings to sales increased from 1999 to 2002.
DISCUSSION
Unintentional drug poisoning mortality in the US rose from 1990 to 2002. Among such poisonings, the largest increase in the 1990s was in the opiate category of drugs, which included both heroin and opioid analgesics. By 1999, when different codes became available for heroin and opioid-analgesic-related deaths, opioid analgesics already constituted a significant portion of opiate deaths. Opioid analgesics also accounted for much of the increase from 1999 to 2002 and were involved in more deaths than either heroin or cocaine by 2002. Licit drugs have therefore recently replaced illicit drugs as the most common cause of fatal drug poisoning in the US. Numerous data sources indicate a large and growing problem with opioid analgesics in the US. The Drug Abuse Warning Network (DAWN) maintains a database of deaths reported by medical examiners in 38 metropolitan areas. It indicates that the most common drugs reported in single-drug deaths in 2002 were cocaine, heroin/morphine, and opioid analgesics. 26 The DAWN database of emergency department data similarly indicates that, among ED visits related to drug abuse from 1999 to 2002, visits related to heroin increased 14%, visits related to cocaine increased 18%, and visits related to opioid analgesics increased 73%. By 2002, the four leading drugs reported from DAWN EDs were cocaine, marijuana, opioid analgesics, and heroin, in that order. 27 Similarly, the admission rate for treatment of prescription opioid abuse in the US increased from 14 per 100 000 in 1992 to 35 per 100 000 in 2002. 28 Finally, data from the annual National Survey on Drug Use and Health indicate that the number of selfreported new, nonmedical users of prescription pain relievers began to increase rapidly after 1990. By 2002, an estimated 11 million people reported nonmedical use of prescription pain relievers in the past year, substantially more than the number reporting use of cocaine or heroin. Of these, 1.5 million reported heavy enough usage to meet the criteria for dependence on or abuse of pain relievers. 29 The patterns seen here for opioid types are also consistent with the ranking of and trends in specific opioids reported in DAWN ED visits. Among an estimated 76 971 abuse-related ED visits reported to DAWN in 2002, the leading opioid analgesics were the 'other opioids'-hydrocodone, reported in 25 297 visits, and oxycodone, reported in 22 397 visits. Methadone was reported in 11 709 visits. The synthetic opioids fentanyl and meperidine were reported in 1506 and 722 visits, respectively. All but meperidine experienced large increases in numbers of visits from 1999 to 2002. 27 Taken together with the results of this study, this suggests that hydrocodone, oxycodone, and methadone likely played a larger role in the increase of unintentional poisoning mortality than other synthetic opioids like fentanyl and meperidine.
The increase in drug poisoning since 1990 coincides with a dramatic increase in the prescription of major types of opioid analgesics, as physicians were encouraged to prescribe stronger analgesics (i.e., opioids) for pain management. Worldwide consumption of morphine, hydrocodone, oxycodone, fentanyl, and methadone, most of which is accounted for by the US, increased at least fourfold from 1990 to 2002. 30 ARCOS data for 1990-1996 show upward trends in per capita sales of fentanyl, morphine, and oxycodone and decreasing trends for meperidine. 16 US prescription audits have shown two-to fivefold increases in the number of prescriptions written for hydrocodone, oxycodone, fentanyl, and morphine from 1994 to 2001. 31 The increase in the number of prescriptions from 1999 to 2002 was reported recently for selected drugs: oxycodone prescriptions rose 50% to approximately 29 million in 2002; fentanyl prescriptions rose 150% to 4.6 million; and morphine prescriptions rose 60% to 3.8 million. 32 These increases are comparable to the increases in ARCOS except for oxycodone, for which sales in kilograms rose faster than numbers of prescriptions, suggesting that the number of milligrams of oxycodone per prescription increased over that time span.
Overall, the relative increase in ARCOS opioid sales (76%) from 1999 to 2002 was consistent with the relative increase in opioid poisoning (95%). In addition, the relative increases in sales of 'other opioids' and other synthetic opioids after 1999 were comparable to the relative increase in those categories in the mortality data. The increase in methadone poisoning, however, more closely matched the increase in methadone sales through pharmacies than the increase in methadone distribution through narcotics treatment programs. Recent studies conclude that reports of increases in methadone-associated mortality are likely due to methadone distributed through pharmacies rather than through narcotics treatment programs. 33, 34 The increasing ratio of poisoning to total sales for methadone may be because pharmacy sales became a larger share of total methadone sales from 1999 to 2002.
Evidence also suggests that at least some of these deaths are related to intentional abuse of drugs-not to therapeutic dosing errors among those suffering chronic pain. First, the age and sex distributions of the decedents in this study, primarily middle-aged and male, do not match those of people who typically experience chronic pain, who are more likely to be female and older. 35 Instead, the demographics of these decedents match those of individuals dying from abuse of drugs such as heroin and cocaine. 36 Drug users may not appreciate that prescription opioids cause dose-related respiratory depression, 19, [37] [38] [39] [40] [41] especially when taken in combination with alcohol or other drugs that depress respiration. The potential for overdose has increased since 1990 with the increased use of the long-acting drug methadone and controlled-release formulations of oxycodone and fentanyl. Users may accumulate toxic levels by mistakenly dosing themselves repeatedly when the desired euphoric or analgesic effect is slow in coming. In addition, abusers have learned to crush controlled-release pills and grind up patches and then inject or ingest them, thus releasing the entire dose over a short time. 39, 42, 43 In summary, this and other studies provide ecological evidence that the increased prescribing of opioid analgesics is related to the increase in US drug poisoning mortality since 1990. Alternative explanations for the poisoning increase, however, deserve consideration. One possibility is that social factors have led to a dramatic increase in drug abuse and that drug abusers would have died from heroin or cocaine overdoses if opioid analgesics had not been available. This possibility cannot be excluded, although there is no evidence in these data that current users of illicit drugs switched to opioid analgesics; poisoning deaths from both types of drugs increased. Abusers of opioid analgesics may have obtained drugs through the internet from foreign sources; 44 however, the DEA has reported that this is a relatively recent phenomenon 45 that cannot account for the mortality increase prior to 2000. It has also been suggested 46 that alcohol and drugs used in concert with opioid analgesics share the responsibility for the increased mortality. However, our study showed that many opioid analgesic deaths occurred without involvement of heroin or cocaine, and it is not clear what other types of drugs could be driving the upward trend. The only other major category of licit drugs associated with drug overdoses in DAWN data is the psychotropic agent category, 27 and deaths attributed to such drugs showed only a slight increase since 1990 in our study. Similarly, deaths attributed to alcohol poisoning increased only 8% from 1999 to 2002. 47 Reporting artifacts are unlikely explanations for these findings. Unintentional poisoning deaths, for example, might have increased if medical examiners began to code more suicides and deaths of undetermined intent as unintentional. This does not appear to be the case, because there were too few deaths in these other categories to have accounted for the increase in unintentional deaths. Medical examiners may have tested more aggressively for oxycodone and methadone in the wake of related publicity, [48] [49] [50] but this could not have accounted for the doubling of synthetic opioid poisoning, about which there has been relatively little publicity for over a decade. This study cannot exclude the possibility that medical examiners and coroners have begun to report poisoning at lower blood levels than previously so that opioid analgesics that were once incidental findings in deaths due to illicit drugs are now listed as contributing causes of death. However, there was no increase in heroin deaths also listing opioid analgesics or in heroin and cocaine deaths also listing opioid analgesics. In addition, the number of opioid analgesics per death did not increase from 1999 to 2002. Finally, there was no change in how poisoning deaths were coded between 1999 and 2002. There was a small change in how deaths were assigned to unintentional poisoning with the introduction of ICD-10 in 1999. As a result, deaths were 3.6% more likely to be coded as unintentional poisoning in ICD-10 than in ICD-9. 51 Accounting for this difference would have an almost imperceptible effect on the trends shown here.
This study depends on the accuracy of vital statistics information. Previous studies have found that, while vital records undercount poisoning deaths when compared with medical examiner data, 4,52 they have few false positives 4 and show the same trends as medical examiner data. 52 Even if some death certificates incorrectly identified deaths as due to opioids, the frequency of such errors would have increased dramatically to have accounted for the rate increase.
This study probably underestimates rather than overestimates the problem of fatal drug poisonings related to opioid analgesics. First, this study did not examine the classes of drugs involved in suicides or deaths of undetermined intent because ICD-9 lacked detail in the coding of such deaths. A cursory examination of the MCOD file for 1999-2002, however, indicated that opioid analgesic poisoning was often identified in both types of death. Second, the study does not include deaths coded to mental and behavioral problems; such deaths are not classified as poisonings, even though the cause of death in many cases is a drug overdose. 1, 4 Third, the study does not include poisoning deaths attributed to nonopioids even though opioid analgesics were involved in some cases. Fourth, the study misses any deaths involving opioid analgesics that were coded as 'unspecified narcotic' poisoning.
CONCLUSIONS
Although the information in this study about poisoning mortality trends was not available at the time, the Food and Drug Administration (FDA) issued a new prescription drug safety plan targeted at opioids in March, 2004. 53 The FDA's plan concentrated on ensuring that opioid analgesics were clearly labeled to communicate the conditions for safe and effective use. The plan also emphasized the importance of better education of health care providers. However, given the severity of the problem revealed in mortality statistics, the sizeable increases in opioid sales in both 2003 and 2004, 24 and anecdotal evidence from 2005 that the problem of nonmedical use of opioids is worsening, 54 additional corrective actions may be necessary. The overall goal should be to identify ways to reduce deaths from opioid analgesics without diminishing the quality of care for patients with a legitimate need for pain management.
KEY POINTS
Unintentional poisoning mortality in the US from drugs (both licit and illicit) more than tripled from 1990 to 2002 with 43% of the increase occurring between 1999 and 2002. Between 1999 and 2002, opioid analgesic poisoning surpassed cocaine and heroin poisoning as the most frequent type of drug poisoning found on death certificates. Among opioid analgesic poisonings, 54% were from semi-synthetic opioids, for example, oxycodone and hydrocodone; 32% were from methadone; and 13% were from other synthetic opioids, for example, fentanyl. The rate of increase in sales generally matched the rate of increase in death certificate occurrences for each type of opioid analgesic. Increasing medical use of opioid analgesics may have inadvertently contributed to an ongoing poisoning epidemic in the US.
